The nucleotide sequences of the genomic RNA segments 5 (gene 5) encoding the non-structural protein NSP1 of rotavirus strains M37 and ST3, isolated from neonates with asymptomatic infection, were determined. The sequences were similar overall (95 % identity) as were the deduced amino acid sequences of NSP1 (93 %). However, the M37 and ST3 NSP1 proteins shared only 82% and 81% identity, respectively, with the corresponding protein from another strain isolated from a neonate with asymptomatic infection (I321). Differences (of between 15 % and 31%) were found in comparison with NSP1 sequences of rotaviruses isolated from older children with symptomatic infection (Wa, DS1 and IGV-80-3). Using an M37 gene 5-derived probe, Northern hybridization analysis of total genomic RNA extracted from viruses isolated from older children (Wa, RV4, RV5 and P) and neonates (M37, ST3, RV3 and 1076), representatives of the most common human G and P types, further indicated that while the gene 5 alleles of strains M37, ST3 and RV3 had a high degree of identity, no significant identity between 1076 and M37 was observed. In addition, cross-hybridization between the M37 probe and RNA of strains from older children (Wa, RV4 and P) was evident. Thus, neonatal human rotavirus strains do not carry a common NSP1 gene.
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Rotaviruses are the major cause of severe gastroenteritis in infants and young children worldwide (Kapikian & Chanock, 1990) . Unlike infection of older children, infection of healthy neonates in obstetric hospital nurseries is frequently asymptomatic or only mildly symptomatic. The basis for this amelioration of symptoms could be passive protection via maternal antibody (in breast milk or serum) or because rotavirus strains endemic in hospital nurseries are possibly avirulent (Bishop, 1994) . These strains could be naturally attenuated and have therefore been developed as candidate rotavirus vaccines (Bishop, 1993) . One such strain subjected to phase I trials (M37) caused minimal symptoms in young infants (Perez-Schael et al., 1994) .
Neonatal rotavirus strains appear distinct from those that infect older children in the community (Haffejee, 1991) . It is possible that the neonatal viruses are adapted to growth in the gut environment of neonates and that this apparent age-dependent host restriction could be the result of the different maturational status of the neonatal intestine (Flores & Kapikian, 1990) . This is supported by the observation that neonatal strains possess a unique
The nucleotide sequence data reported in this paper have been deposited in the GenBank nucleotide sequence database and have been assigned the accession numbers U11491 (M37 gene 5) and U11492 (ST3 gene 5).
outer capsid VP4 protein (Flores et al., 1986; Gorziglia et al., 1988; Larralde & Flores, 1990 ), a protein implicated in virus host range and virulence (Offit et al., 1986; Estes & Cohen, 1989) . However, the characterization of strains from asymptomatic neonates in India (Dunn et al., 1993) that were shown to carry bovine-type VP4 and VP7 genes suggests that the determinant for host range is not located on the outer capsid proteins .
A number of studies examining reassortants between simian and rhesus (Gombold & Ramig, 1986) , human and bovine (Graham et al., 1987) and murine and rhesus (Broome et al., 1993) rotavirus strains implicated the product of gene 5, the non-structural protein NSPI (formerly NS53), in host range selection. This is supported by recent data establishing that the diversity in NSP1 sequences is most evident between strains from different species and probably reflects differences in host range selection (Hua et al., 1993; Dunn et al., 1994) .
The role of NSP1 in rotavirus morphogenesis is unclear; however, this protein exhibits specificity for rotavirus mRNAs and affinity for zinc (Mitchell & Both, 1990; Brottier et al., 1992; Hua et al., 1993) . This is supported by the identification of a cysteine-rich region containing a zinc finger metal-binding domain that is found in all Group A and Group C rotavirus NSP1 proteins investigated (Hua et al., 1993; Dunn et al., 1994) . A role for NSP1 might therefore be to package and assort viral mRNAs prior to assembly into precore replication intermediates (Hua et al., 1993; Hua & Patton, 1994) . Deletion mapping of NSP1 demonstrated that the RNA-binding domain is located in the first 81 amino acids, and that residues 84 to 176 contain the intracellular localization domain while no function is assigned to the C-terminal 300 amino acids (Hua et al., 1994) , a region that is not required for virus replication (Hua & Patton, 1994) . It is possible that the observed predilection of some rotavirus strains for growth in the neonatal intestine could be explained by age-specific differences in the cell that favour selection of strains possessing a unique NSP1. The availability of human rotavirus strains from both neonates and older children provides an opportunity to investigate whether NSP1 is involved in age-dependent host selection within a species.
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In this study, we have carried out a genetic analysis of NSP1 from neonatal human rotavirus strains (M37, ST3, I321, RV3 and 1076) and compared the degrees of similarity to the cognate genes from rotaviruses isolated from older children (Wa, RV4, RV5, DS1, P and IGV-80-3) to determine whether the gene 5 allele possessed by neonatal strains is unique to this type of rotavirus. The analysis included the cloning and sequencing of gene 5 complementary DNA (cDNA) from strains M37 and ST3 and comparing their NSP1 sequences to the available sequences from Wa, DS1, IGV-80-3 and I321. Other strains, isolated from neonates or older children, for which sequence data were not available were investigated by Northern blot hybridization.
Viruses used were tissue culture adapted standard strains grown in MA104 cells and partially purified by fluorocarbon extraction. Double-stranded genomic RNA was extracted from the neonatal viruses M37 (serotype G1) and ST3 (serotype G3) as described previously (Palombo et al., 1993) . cDNA of genomic segment 5 was synthesized and amplified by coupled RT-PCR as described by Gentsch et al. (1992) using gene 5-specific primers described by Hua et al. (1993) . The cDNA was gel-purified and cloned into plasmid pGEM-3zf (Promega). Three individual recombinants from independent PCR reactions for both M37 and ST3 were isolated and both strands of the cloned DNA were sequenced by thermal cycling dideoxy sequencing using thefmol DNA sequencing system (Promega) and a series of primers.
Northern hybridization using an M37 gene 5-derived probe was carried out under stringent conditions [50 % formamide, 5 x SSC (1 x SSC = 0.15 M-NaC1, 0-015 Msodium citrate), 50°C]. These conditions allowed hybridization with up to 17% mismatch (Bodkin & Knudson, 1985; Johnson et al., 1990) . Probe DNA was prepared from cloned M37 gene 5 labelled with digoxigenin (DIG)-11-dUTP (Boehringer Mannheim) by random priming. RNA samples to be tested were prepared from tissue culture adapted virus as described above. The RNAs were quantified by gel electrophoresis and spectrophotometry and equivalent amounts (250 ng) were denatured by boiling for 5 min, blotted onto a nylon membrane (Boehringer Mannheim) using a Minifold II slot-blot filtration manifold (Schleicher and Schuell) and fixed to the membrane by u.v. cross-linking for 5 min. Pre-hybridization, hybridization and colorimetric detection of bound probe using anti-DIG antibody conjugated to alkaline phosphatase (Boehringer Mannheim) and the substrates 4-nitroblue tetrazolium chloride and 5-bromo-4-chloro-3-indolyl phosphate (Boehringer Mannheim) were carried out as recommended by the manufacturer.
The NSP1 genes of both M37 and ST3 were 1568 bp in length and shared 95 % sequence identity. The lengths of these genes differed from the lengths of the corresponding genes of the neonatal virus I321 (1569 bp; Dunn et al., 1994) and viruses isolated from older children, namely, Wa (1564bp; Hua et aI., 1993) , IGV-80-3 (1567bp; GenBank accession no. X59297) and DS 1 (1564 bp; Hua et al., 1993) . However, all genes contained one long open reading frame encoding a polypeptide 486 amino acids in length (Fig. 1) . The differences in gene sizes relate to variation in the lengths of the 5' and 3' non-coding regions. Both M37 and ST3 have a 5'/3' non-coding region arrangement of 30/80 bp while I321, Wa, IGV-80-3 and DS 1 have combinations of 31/80, 30/76, 31/78 and 30/76 respectively. Comparison of the deduced amino acid sequences of NSP1 from M37 and ST3 indicated a high degree of identity (93 %) between these two strains; however, differences compared with the same proteins from other strains were apparent (Fig. 1,  Table 1 ). All viruses, including M37 and ST3, shared the conserved cysteine (aa 42, 45, 54, 57, 63, 66 and 72) and histidine (aa 61) residues (Fig. 1) that constitute the motif C-X2-C-Xs-C-X2-C-X3-H-X-C-X2-C-Xs-C and may form one or two zinc fingers (Hua et al., 1993) . Only three residues (at positions 76, 243 and 254) were identified that were conserved among all neonatal strains and differed in the viruses isolated from older children, Fig. 1 . Deduced amino acid sequences of the NSP1 proteins from rotaviruses isolated from neonates (M37, ST3 and I321) and from older children (Wa, IGV-80-3 and DS1). The sequences of I321 (Dunn et al, 1994) , Wa and DS1 (Hua et al., 1993) have been published while that of IGV-80-3 appears in the GenBank database (accession no. X59297). Dashes indicate identity to M37 amino acids. Arrows indicate cysteine and histidine residues that constitute the proposed zinc finger motif. An asterisk above an amino acid indicates a residue that is conserved among the neonatal strains but differs in the viruses isolated from older children. indicating little sequence conservation among the neonatal viruses (Fig. 1) . The significance of these residues is not known; however, it is interesting to note that only the amino acid at residue 76 is unique to the neonatal strains when comparisons are made with the corresponding positions in NSP1 proteins of viruses from other species (Dunn et at., 1994) . Fig. 2 shows the results of hybridization of the M37 probe to equivalent amounts of R N A extracted from the neonatal viruses M37, ST3, RV3 and 1076 and the viruses from older children, namely, Wa, RV4, RV5 and P. R N A from the animal rotavirus S A l l served as a negative control since its NSP1 gene shares only 59 to 60 % identity with those from human strains (Hua et al., 1993) . The M37 probe was able to hybridize to R N A from all neonatal strains with the exception of 1076 (Fig.  2) , indicating that a common gene 5 allele is not found in all neonatal strains, as suggested by the sequence comparisons. The probe exhibited significant crosshybridization with RV4 and lower levels of hybridization with Wa and P (Fig. 2) . No significant identity was evident with RV5 and SA11 (Fig. 2) . The relative levels of identity to the M37 NSP1 probe were therefore: M37 > ST3, RV3 > RV4 > Wa, P > 1076, RV5, SAll.
The lack of identity between RV5 and M37 is not unexpected given that RV5 is genetically related to strain DS1 (both are classified as serotype G2P4, subgroup I with a ' s h o r t ' R N A electrophoretic migration pattern) which has, by sequence comparison, been shown to carry an NSP1 gene that is different to that possessed by other human rotaviruses (Hua et al., 1993) . Strain 1076 is also related to DS 1 (serotype G2, subgroup I, ' s h o r t ' pattern) which may explain the lack of identity with the M37 gene 5. These data suggest that the ' D S l -l i k e ' viruses, that is those belonging to the same genogroup as DS1, may possess a distinct gene 5 allele. Conversely, the non-'DSl-like' viruses exhibit a higher degree of NSP1 gene identity, although sequence variation is considerable. The correlation between gene 5 sequence and genogroup has also been noted by Dunn et al. (1994) . Hua et al. (1993) have suggested that viruses belonging to the same serotype (G-type) may exhibit a higher degree of NSP1 identity than those of different serotypes. Our results indicate that this is not so [compare M37 (serotype G1) with Wa (G1), ST3 (G4) and RV3 (G3)] and that, alternatively, identity may be related to overall genetic similarity. Interestingly, the M37 probe did not exhibit significant identity with R N A from strain AU-1 (data not shown), which is the prototype of a distinct human genogroup .
Although NSP1 appears to be involved in host range selection between different species, the degree of variation observed within and between human strains from neonates and older children suggests that this protein may not be solely responsible for apparent age-dependent host range selection within a species. It is likely that different host factors may also be involved. This work has contributed to the limited number of human rotavirus NSP1 genes sequenced; however, further data are required to determine the extent of variation among human strains and to establish the role of the NSP1 protein in rotavirus morphogenesis.
